INTRODUCTION
One of the most critical problems of developing countries is the improper management of vast amount of waste generated by various anthropogenic activities and its unsafe disposal into the environment (Fakayode, 2005) . Wastewater also referred to as sewage is a combination of either dissolved or suspended matter of one or more of domestic effluent, water from commercial establishments and institutions, industrial effluent, storm water and other urban run-off, agricultural, horticultural and aquaculture effluent (Adeniran et al., 2012; Olutiola, 2010; Raschid-Sally and Jayakody, 2008) . Wastewater is essentially the water supply of the community after it has been fouled by a variety of uses (Zhou and Smith, 2002) . As a result, water bodies which are major receptacles of treated, untreated or partially treated industrial wastes have become highly polluted. The resultant effects of this on public health and the environment are usually great in magnitude (Osibanjo et al., 2011) . However, the same sewage if properly treated can again serve for drinking and the many other uses of everyday living.
Waste treatment practice is based on physical, chemical and biological operations aimed to eliminate and/or render inert, constituents considered pollutants and dangerous to public and environmental health (Burkhardt et al., 2000) . Conventional wastewater treatment plants configuration consists of preliminary screening and other mechanical technique (i.e. pretreatment), followed by sedimentation of settle-able matter (i.e., clarification or treatment) and further removal of nutrients by enhancement of microbiological activity by aeration followed by clarification (i.e. activated sludge or secondary treatment) (Burkhardt et al., 2000; Lens et al., 2001) . In a review by Chen et al. (2017) , numerous studies indicated that influent composition, https://dx.doi.org/10.4314/ijs.v19i2.4 process configuration, operating parameters and environment conditions are the main driving factors for microbial community structure changes in wastewater treatment systems. Depending on wastewater initial quality and final effluent destination, additional treatment (i.e. disinfection, tertiary and advanced) are applied to remove remaining suspended and dissolved materials (i.e. metals, synthetic organics, microbes) and achieve certain quality level (Asano and Levin, 1996) . According to Badejo et al. (2011) , domestic wastewater disposal into near-by rivers and streams in Nigeria, is a common phenomenon. Akpata and Ekundayo (1998) reported that 4.6 million people died from diarrhea and a sizeable number of casualties were experienced from ascariasis, guinea worm and trachoma due to deterioration of the water quality.
The occurrence and spread of antibiotic-resistant bacteria are pressing public health problems worldwide. Wastewater may represent significant reservoir for these organisms which could be disseminated in the environment. Therefore, the aim of this study was to assess the effectiveness of a wastewater treatment plant in the improvement of the physicochemical attributes and microbial quality of the discharged effluent.
MATERIALS AND METHODS Sample Source
Water samples were collected from ten treatment points along a wastewater treatment plant used in the study of Adeniran et al. (2012) in Lagos, Nigeria between the hours of 8 and 9 am. The samples were collected in clean 2 liter containers each and labeled A-J with A as the influent, J as the final effluent and the others serially arranged in between. The samples were immediately transferred to the laboratory for analysis.
Physicochemical Analysis
The physicochemical parameters were carried out as described by Ademoroti (1996) . These include, biological oxygen demand (BOD), dissolved oxygen (DO), pH, temperature, turbidity, salinity, sulphate, phosphate, ammonia and appearance. Heavy metals (cadmium, copper, iron, lead, zinc, ch r o m i u m , c o b a l t , n i cke l a n d s i l ve r ) concentrations were determined using the Atomic Absorption Spectro-photometer (AAS). Metal concentration in the test water was recorded in mg -1 l (APHA, 1985) .
Microbiological Analysis Total Heterotrophic Bacterial Population
The total heterotrophic bacterial count was carried out on nutrient agar plate. Serial dilution of the water samples was carried out and aliquots of 0.1 ml were plated on solidified-dried medium. Seeded plates were incubated upside down for 48 o hours at 37 C and plates with distinct colonies greater than 30 and less than 300 were counted and recorded as cfu/ml.
Coliform Count
Total coliform count was estimated by the Most Probable Number (MPN) technique using MacConkey (MAC) broth. Faecal coliforms were estimated using Eosin Methylene Blue (EMB) Agar prepared according to manufacturer's o instructions. Seeded plates were incubated at 37 C o and 44 C for about 48 h for coliforms and faecal coliforms respectively. The 5-tube (MPN) technique as described by Collee et al. (1989) was used to determine the total coliform counts. The result was interpreted using the five tubes MPN table and recorded as MPN/100 ml.
Bacterial Identification Test
The bacterial colonies obtained on MacConkey and EMB Agar were Gram-stained and identified using the Analytical Profile Index (API) kit 20 E and species were confirmed using ABIS O N L I N E ( w w w. t g w 1 9 1 6 . n e t / b a c t e r i a _logare.html) software.
Antibiotics Sensitivity Test
The antibiotics sensitivity test was carried out using Kirby-Bauer disk diffusion method on Muller-Hinton agar. The ABTEK negative sensitivity disc (gentamicin, 10 µg; nalidixic acid, 30 µg; streptomycin, 10 µg; tetracycline, 30 µg; cotrimoxazole, 25 µg; nitrofurantoin, 100 µg) used were aseptically placed on plates seeded with isolates adjusted to 0.5 Mac Farlands standard. After incubating for 18-24 hours, the zones of inhibition were interpreted as Resistance (R), Intermediate (I) and Susceptible (S) according to the criteria recommended by the Clinical and Laboratory Standards Institute (CLSI, 2012). The Multiple Antibiotics Resistance (MAR) index and %MAR were calculated for each isolate (Krumperman, 1983) .
STATISTICAL ANALYSIS
The statistical tests were performed using the Prism computer software programme version 5.00 (GraphPad Software, San Diego, CA). Significant limits were set at P < 0.05 confidence interval level.
RESULT
The physicochemical properties of the freshly collected water samples are shown in table 1. The pH was observed to increase down the treatment line (A-J) and the final effluent (J, 7.58) was found to be within the Federal Environmental Protection Agency (FEPA) [now known as Federal Ministry of Environment (FME)] and World Health Organization (WHO) acceptable limit of 6.5-8.5. The conductivity decreased down the treatment line with sample A having a -1 -1 value of 1450 s cm and J, a value of 350 s cm . Total dissolved solid decreased down the treatment line with A having the highest value of 720 ppm and J with the lowest at 170 ppm. The final effluent (J) was within acceptable limits. Total suspended solids and total solids also decreased down the treatment line with sample A having the highest value of 256 ppm and 976 ppm respectively and sample J with lowest of 14 ppm and 184 ppm respectively. Both parameters, at the point of discharge (J) to the environment met the required standards. Nitrate and phosphate decreased down the treatment line with sample A having the highest value of 97.72 ppm and 213.5 ppm respectively and J with the lowest at 22.11 ppm and 5.87 ppm respectively. However, the final effluent (J) were slightly higher than the required standards (i.e., 2.11 ppm and 0.87 ppm more for nitrate and phosphate respectively). Biological Oxygen Demand (BOD) was within acceptable limit at point of discharge (J). Point A had the highest record of 84.14 ppm and point J had the lowest value of 3.00 ppm. Chemical Oxygen Demand (COD) had the highest value of 38.24 ppm at the influent point (A) and the lowest value of 2.00 ppm at point D and E respectively. The final effluent (J) met the required standard. The Dissolved Oxygen (DO) had the highest value (22.07 ppm) at point J, while it was not detected in sample A. The DO was more than the minimum required standard at the point of discharge (J). Total hardness was highest with sample G at a record of 10.00 ppm and lowest in sample J with 7.20 ppm. At the point of discharge (J), total hardness was within acceptable limit. Total alkalinity was highest in sample G having a value of 10.00 ppm CaCO and lowest with sample B 3 having a value of 6.96 ppm CaCO . This 3 parameter was within acceptable limit at point of discharge (J). Sulphate was detected at a level of 3.02 ppm in sample A and absent in the rest of the samples. The heavy metals analyzed were found to be within the FEPA recommended limits at the point of discharge of the effluent (Table 2) . Between the influent and final effluent, there was a reduction of iron (53%), cobalt (63%), copper (75%), zinc (50%), lead (92%), nickel (60%) and chromium (90%). The acceptable level of faecal coliforms in effluents of treated wastewater used in agriculture is ≤ 1000/100 ml (Blumenthal et al., 2000) .
The microbial analyses showed that the population densities decreased down the treatment line ( Figure 1) and was within the acceptable faecal coliform effluent levels of ≤ 1000/100 ml of treated wastewater used in agriculture (Blumenthal et al., 2000) . The total heterotrophic bacteria count in the influent (A) and effluent (J) wastewater from the treatment 7 -1 2 plant ranged from 1.4 x 10 cfu ml to 4.0 x 10 cfu -1 ml respectively. The fungi count, coliforms and 4 -1 2 feacal coliforms were 5.6 x 10 cfu ml -2.5 x 10 -1 4 -1 2 -1 cfu ml , 3.2 x 10 cfu ml -2.0 x 10 cfu ml and 1.6 4 -1 0 -1
x 10 cfu ml -0.0 x 10 cfu ml at the points of entry (A) and discharge (J) respectively. Statistical analysis of variance (P < 0.05) showed significant differences in the values of both the influent and effluents of bacteria, fungi, coliforms and faecal coliforms. The most probable number (MPN) for the presumptive total coliform count of the water samples ranged from 1600 MPN/100 ml in sample A to 017 MPN/100 ml in sample J ( 
DISCUSSION
The physicochemical and coliform result of the treated sewage effluent samples, when compared to the raw sewage samples revealed improved sewage quality. Sewage treatment using modern highly efficient compact system comprising aerobic processes, improve sewage quality and reduces its toxicity so that discharge to the environment will not pose any serious threat (Jowett, 1997) . The pH of the sewage plant agrees with an earlier investigation of the same treatment plant by Longe and Ogundipe (2010) which varied between 7.1 and 9.0. According to van der Gast and Thompson (2005) , microorganisms in wastewater treatment systems can grow over a wide range of pH (6 to 9) and the microbial community compositions are also remarkably affected by pH variation (Gao et al., 2016) . Similar results for TDS was obtained by Asia and Akporhonoe (2007) and Adeniran et al. (2012) . The low levels of BOD and total suspended solids (TSS) were similar to earlier investigations by Adeniran et al. (2012) . The higher the BOD value, the greater the pollution hazards (Beychok, 1971) and a TSS level of 80 mg/L results in adverse effect on macro invertebrates (Garie and McIntoch, 1986) . The final effluent had a dissolved oxygen of 22.07 mg/L. The improvement noticed in the DO along the treatment line may be due to the reduction in organic matter contamination and simultaneous mixing of atmospheric oxygen (Prasad et al., Tetracycline (30 µg ml ); STR, streptomycin (10 µg ml ); NIT, nitrofurantoin (100 µg ml ); *, Clinical and Laboratory Standards Institute (CLSI, 2012).
2006). Also, the presence of free oxygen in water is an indication of the ability of that water to support life. Ademoroti, (1996) noted that healthy body of water should have a DO of at least 5.2 mg/L.
The removal efficiency for nitrate and phosphate stand at 78% and 97% respectively. Despite their reduction, the level of nitrate and phosphate in the final effluent exceeds the permissible FEPA limit. This calls for concern as discharge of effluent with high levels of nitrate and phosphate into water bodies leads to eutrophication (Rockström et al., 2009) . A 100% removal of sulphate was observed from influent (3.02 mg/l) to effluent (not detected). The wastewater treatment plant was quite efficient in removal of sulphate. Although sulphate is classified as nontoxic, intake of water containing sulphate can lead to diarrhoea. Presence of sulphate in domestic water may be due to addition of detergents waste from washing (Sharma and Dubey, 2011) .
The treatment plant was effective in the remediation of the analyzed heavy metals. The high difference in concentration of iron between influent and effluent might be due to its utilization by microorganism in metabolism. Presence of high concentrations of toxic heavy metals in wastewater directly leads to both contamination of receiving water bodies and deleterious impact on aquatic life (Moten and Rehman, 1998) . Overall, the physicochemical results showed the high purification efficacy of the wastewater treatment plant.
The microbial analyses showed that the treatment plant was effective in reducing the microbial load of the wastewater and the results conformed to the acceptable faecal coliform effluent levels of ≤ 1000/100 ml of treated wastewater used in agriculture (Blumenthal et al., 2000) . Inefficient treatment processes result in microorganisms being released with treated effluents in the aquatic environment (George et al., 2002) . These contaminated effluents pose a health risk to humans and animals upon exposure to contaminated water.
There was a great reduction in the number of pathogens and multiple antibiotic-resistant bacteria that was discharged in the effluent water after treatment. The presence of antibioticresistant bacteria is of major concern in wastewater treatment plant, for it could serve as a source of dissemination of antibiotic resistance to the community and pose a potential threat to human and animal health as it gets into the food chain. Bacterial resistance to antibiotics and other antimicrobial agents pose increasing problem to the treatment of different infectious diseases (Samanta et al., 2012) . Antibiotic resistance is also an economic burden on the healthcare system. Resistant infections not only cost more to treat, but also can prolong healthcare use (Frieden, 2010) .
This study has shown the effectiveness of a wastewater treatment plant in the reduction of heavy metals, nitrate, phosphate, organic matter and pathogenic organisms that are present in wastewater discharged into the environment. The reductions in the concentrations of these parameters in treated wastewater will reduce environmental pollutions that may result in eutrophication of water bodies and the spread of pathogenic organisms in the environment. Although, there is also the possibility of discharge of antimicrobial-resistant organisms through sewage into the environment from treated wastewater processes.
